In this study, we address the problem of compacting Church numerals. Church numerals appear as a representation of the repetitive part of data in higher-order compression [1] . We propose a novel decomposition scheme for a natural number using tetration, which leads to a compact representation of λ-terms equivalent to the original Church numerals. For natural number n, we proved that the size of the lambda term obtained by the proposed method is O((slog 2 n) log n/ log log n ). Moreover, we quantitatively confirmed experimentally that the proposed method outperforms a binary expression of Church numerals when n is less than approximately 10000.
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We perform compaction of C(n) in two steps. Firstly, we decompose n into a numerical expression. Secondly, we translate the expression into a corresponding λterm. For natural number n, there are many ways to achieve decomposition, and the size of the λ-term changes depending on the employed approach. To reduce the size of the λ-term, choosing a numerical expression which includes few arithmetic operations and different natural numbers is effective because the size of the λ-term increases with them. Then, we introduce the proposed RTP (Recursive Tetrational Partitioning) as the method how decompose n into a numerical expression such that the size of the corresponding λ-term becomes smaller. Definition 1 (RTP). Let n and ϕ be natural numbers such that 0 < ϕ ≤ n, and let r = (n mod ϕ) andn = n − r. Then, the result derived by RTP denoted by T ϕ [n] is
where k is the maximum natural number such that k ϕ ≤n and p i (0 ≤ i ≤ k) is the integer such that 0 ≤ p i < i+1 ϕ.
We also designed an algorithm that enables generation of a compact λ-term relative to T ϕ [n]. We denote the generated λ-term by Λ * (n). Then, the next theorem holds. Theorem 1. The size of Λ * (n) is O((slog 2 n) log n/ log log n ) for natural number n.
